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37 SYMBIOSIS-A MARRIAGE OF CONVENIENCE 
W. F. Campbell, C. Barnes, and D. C. lanson 
A type of bacteria that lives in the roots of legumes converts nitrogen 
from the air into a form useable to host plants, and may aid in 
revegetating strip-mined lands. 
40 ALCOHOL FUEL FROM SUGARBEETS 
D. L. Doney and J. C. Theurer 
Sugarbeets, once a major crop in Utah, may regain acreage as a 
possible source of fuel to supplement our increasingly expensive 
petroleum. 
44 OIL SHALE-POTENTIAL RESOURCE AND POSSIBLE 
ENVIRONMENTAL PROBLEM 
R. J. Wagenet , D. F. Fransway, and C. M. McKell 
The development of Utah's huge deposits of oil shale could help alleviate 
current energy problems, but at a cost of increasing the salinity of rivers 
and sOils. 
49 MANNING-A NEW HARD RED WINTER WHEAT 
W. G. Dewey 
A new winter wheat has been developed for use by Utah farmers . 
52 TO HARVEST THE SUN 
I. Dirmh irn 
Mountains, which receive more sunlight than valleys, show promise as 
locations for solar power collection. 
57 IRRIGATION , ENERGY, AND FOOD 
J. Ke ller 
Various forms of irrigation differ Significantly In the energy they consume 
while bringing a crop from the seed stage to consumer-readiness. 
60 SURGE FLOW-A REVOLUTION IN SURFACE 
IRRIGATION 
A. A. Bishop 
Surface irrigation efficiency IS greatly improved when intermittent rather 
than continuous flows of water are used. 
64 PUMP POWER-ENERGY SAVINGS WITH EFFICIENT 
IRRIGATION SYSTEM MANAGEMENT 
R. E. Griff in and R. K. Stut ler 
Improved pumping efficiency can save Utah farmers energy dollars. 
66 PROJECTS IN PROGRESS 
L. M. Cox 
This feature heralds things to come. Its brief samplings of ongoing 
research describe the hows and whys of anticipated results . 
69 HOW TO FIGURE CROP COSTS 
F. A. Cond ie 
Inflation has given dryland wheat farmers new figures to ponder. 
ABOUT THE COVER 
In the world struggle for energy Independence perhaps the most reliable source of 
power will be the sun-it IS, unlike fossil fuels , abundantly available to all 
To begin this ultimate harvest, SCientists, such as USU 's Inge Dlrmhlrn. determine 
where best to gather the sun'S rays by measuring Irradlance al different pOlnlS on Ihe 
earth 's surface 
The corona of the sun, captured by the NASA's High Altitude Observatory. IS 10lned 
on our cover with a Silhouette of one of Dr. Dlrmhlrn 's solar power measuring 
devices See the Slory on page 52 . 

W. F. CAMPBELL, C. BARNES, and D. C. IANSON 
JUST AS TWO PEOPLE MARRY to form 
a union for the mutual benefit of each, 
so can certain members of the plant 
world join together to better survive than 
either one could alone. In the plant 
kingdom, this unique relationship, called 
symbiosis, occurs in lichens (blue-green 
algae living with fungi) , between certain 
trees and other plants and mycorrhiza 
(fungi), and between members of the 
legume (Fabaeceae) family and 
microorganisms of the genus 
Rhizobium. Because of their importance 
in soil fertility and nitrogen fixation, this 
latter example of symbiotic associations 
has received more attention to date 
than any other. The beneficial effect of 
legumes on soil was recognized by the 
ancient Chinese, Greek, and Roman 
cultures. This led to a widespread use of 
legumes in crop rotations long before 
their ability to enhance soil fertility was 
understood. 
Members of the genus Rhizobium are 
bacteria; tiny, one-celled organisms that 
live in the soil. When they come in 
contact with the legumes in the 
rhizosphere, the soil area surrounding 
the plant 's roots, both the rhizobia and 
legumes secrete enzymes that enable 
the bacteria to invade the plant 's root 
hairs. From these root hair " portals," 
the rhizobia can penetrate the inner 
cells , of the root , known as the cortex , 
by way of infection threads. The in-
fection threads as seen with the 
electron microscope are made up of 
rhizobia embedded in mucilage and 
surrounded by the invaginated cell wall 
and plasmalemma of the host cell (Fig. 
1). The plasmalemma packages the 
bacteria either singly or in groups and 
then releases them into the host cell 
still surrounded by a host-cell mem-
brane. Multiplication of the bacteria and 
their increase in size result in swollen 
infected cells in which hemoglobin (a 
chemical required for nitrogen fixation) 
develops. The swollen cells comprise 
the central infected tissue or legume 
nodule. These occur throughout the root 
system and may have a spherical, club-
shaped or branched appearance (Fig. 2) . 
In this manner, by invading and con-
tinuing to grow within the plant roots, 
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the rhizobia gain a home and a source 
of food in the form of carbohydrates , 
amino acids, and vitamins. 
But, one might ask, what does the 
plant get in return? After all, symbiosis 
is supposed to be a two-way street. As it 
turns out, what the legume gains from 
this symbiotic association is a valuable 
nutritive element, nitrogen. Rhizobium 
can take nitrogen from the air and 
transform it into a form the plant can 
use. The potential of this process is 
enormous. It can enhance food protein 
production since many legumes are vital 
food and feed crops such as soybeans, 
beans , peas, peanuts, and alfalfa. 
Moreover, with the imminent shortage of 
petroleum-based nitrogen fertilizers , the 
utilization of symbiotic nitrogen fixation 
provides a valuable alternative with 
which to meet the nitrogen requirements 
in producing food , fiber and energy for 
an ever-expanding world population . 
Additionally, certain native and some 
domestic legumes may offer a key to 
successful reclamation of disturbed 
lands. 
USU scientists have been using this 
nitrogen fixing behavior of legumes and 
rhizobia in an attempt to reclaim coal 
strip-mined spoils (Fig . 3) . Among the 
problems encountered is the poor 
quality of the "soils " left from the 
mining process (Fig. 4). They are low in 
nutrients and have other properties that 
adversely affect plant growth, such as 
extremes of pH and salinity (Table 1). 
Plant scientists from USU, working at 
coal strip-mine sites in the In-
termountain West are attempting to 
overcome these and other difficulties by 
modifying the spoils before trying to 
establish the legume: Rhizobium 
complex. Current federal and state 
regulations require that the topsoil be 
replaced after the mining process is 
completed. However, simply replacing 
what once was the topsoil doesn't 
always return the land to its original 
productivity. The soil has been altered 
by being scraped-off and in some cases 
stock-piled for varying periods of time. 
In some cases it has been combined 
v/ith materials brought up from great 
depths. Modifications to promote im-
proved plant growth on these spoils 
usually must include adding fertilizers . 
If we had to count on these kinds of 
modifications alone, the cost would 
rapidly become prohibitive, primarily due 
to the escalating cost of petroleum-
based nitrogen fertilizers . Fortunately, 
there is a source of nitrogen fertilizer 
that is essentially free for the taking. It 's 
atmospheric nitrogen, composing nearly 
80 percent of the air we breathe. This 
amounts to some 77,000 metric tons of 
atmospheric nitrogen in the form of gas 
(N2) above each hectare (about 2 1/2 
acres) of land. Strangely enough, it is 
often a lack of this grossly abundant 
nutrient that limits plant growth. 
When legumes are grown alone, 
without their fellow symbiont , they are 
unable to take advantage of the at-
mospheric nitrogen all around them. 
Alone, they are unable to convert the 
gas to a form they can use. This is 
where the rhizobia take over. Pulling in 
the nitrogen from the air, the bacteria 
change it chemically and release a 
usable form of nitrogen into each plant's 
transport system. 
Overcoming infertility and adverse 
conditions of the soil is not the only 
worry facing the plant scientists. Not 
only is the soil extremely deficient in 
plant nutrients (Table 1), the surround-
ings are downright inhospitable. The 
elevation at the mine sites is generally 
2,000 to 3,000 meters (6,600 to 9,900 
feet). The mean annual rainfall is less 
than 25 cm (10 inches) per year , with 
recorded extremes of 14 and 40 cm. 
The average annual minimum tem-
perature may be -4°C (24°F) or lower, 
and the average annual maximum is 
around 13°C (55°F), with extremes of 
several degrees below O°C from 
November to April and 36-37°C in July. 
Freezing temperatures may occur every 
month of the year, and the frost-free 
period may only average 60 days per 
year. These conditions are compounded 
by extremely high solar radiation loads, 
high surface temperatures from mid-
June to mid-August and unrelenting , 
drying winds. The upper few centimeters 
of soil are subject to rapid drying and 
large temperature fluctuations. Only the 
Reclamat ion test plot on oil shale in Colorado. 
Table 1. pH, ECe and nutritional status of coal mine spoils and adjacent 
control sites. 
Site pH ECe % N P (ppm) 
Control 8.0 
Mine Spoil 3.4 
0.8 0.06 6.0 24.5 2.7 0.4 ' .6 60 
3.3 0.04 0.3 3.' ' .9 0.3 43.0 "2 
Table 2. Acetylene reduction activity (nM C2H4 plant - 'hr - 1) by Melilotus and Vicia with their respective Rhizobium on una· 
mended sites. 
Plant spp. 
Melilo tus officinalis 
Vicia villosa 
694.6 
'86.6 
most hardy plant species can survive 
under climatic and soil conditions such 
as these. USU plant scientists are 
testing suitable combinations of 
legumes and rhizobia that might survive. 
Through a combination of greenhouse 
and lab experiments that simulate the 
harsh environment found at the mine 
sites, several likely candidates have 
been found . Among these are: Cicer 
milkvetch, sainfoin, Utah sweetvetch , 
lupine, yellow sweetclover , common 
vetch, and some varieties of alfalfa ; All 
in combination with their complementary 
strain of Rhizobium . The nitrogen fixing 
capability of yellow sweetclover and 
vetch (as measured by the amount of 
acetylene reduced to ethylene) on 
unamended mine spoils is shown in 
Table 2. 
With the growing demand for coal in 
the United States, strip-mining in the 
West will be much more common in the 
coming decade, and reclaiming the mine 
areas for other uses such as agriculture 
and recreation will also become in-
creasingly important. Using legumes in 
combinations with rhizobia may playa 
significant part in such reclamation 
projects. 
335. , 
174.4 
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ALCOHOL FUEL 
FROM SUGARBEETS 
SUGARBEETS HAVE BEEN A 
VALUABLE CASH CROP in Utah for over 
80 years . But in 1980 very few beets 
will be harvested due to urbanization of 
cropland and economic stresses on the 
industry. The nation 's energy shortages, 
however, are stimulating interest in 
sugarbeets as a fuel crop and may 
reverse the exist ing trend in Utah. 
Sugarbeets are a prime candidate for 
alcohol fuel production bccause they 
store their energy [and much of their 
biomass (Table 1) ] as sucrose, a fer-
mentable sugar. Within Table 1, the 
column " sugar as percent of the 
biomass total " could have been titled: 
" percent of the total photosynthate 
produced (solar energy captured) by the 
plant that is stored as fermentable 
sugar." The sugarbeet is very efficient, 
storing from 40 to 45 percent of its total 
biomass as sugar. The easiest and 
cheapest method of producing alcohol 
from biomass is from fermentable 
sugars. 
Compared to other sugar crops 
(sweet sorghum and sugar cane) , 
sugarbeets contain more fermentable 
sugars than the sorghum, but less than 
the cane (Table 2). However, sugar cane 
has a longer growing season and the 
maximum 8.5 tons of fermentable sugar 
is from Hawaiian research data where 
the crop grows for 24 months. Sugar-
beets are undeniably more efficient at 
storing fermentable sugars (Table 2, 
Column 3). 
Sugarbeets also have a potential for 
high alcohol production (from 540 to 619 
gallons) per acre (Table 3). These 
estimates are based on 84 percent 
conversion efficiency of fermentable 
sugars to alcohol. Similar potential 
alcohol production has been estimated 
for commercial hybrids (Table 4) . All of 
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DEVON L. DONEY and J. C. THEURER 
our estimates are based on ex-
perimental field trial data , and com-
mercial growers would probably realize 
a lesser alcohol production of 400 to 
550 gallons per acre. 
There are. however. some negative 
factors that must be considered. One is 
the cost of production, which varies 
from region to region . The average 
estimated production cost per ton of 
beets delivered to the factory in the U.S. 
is about $25 . The potential alcohol 
production per ton of 16 percent 
sucrose sugarbeets is about 23 gallons. 
This results in a raw product cost of 
$1 .08 per gallon (Table 5) . The cost of 
convert ing the raw product to alcohol 
(as estimated by Battelle Laboratory 
personnel at Columbus, Ohio) is $0.60 
per gallon . This brings the total cost per 
gallon to $1 .68. The value of the by-
products that can be real ized was 
estimated at about $0.25. If we subtract 
the value of the by-products. we obtain 
a net cost of $1.43 per gallon . So, at the 
present time, it is uneconomical to 
produce alcohol from sugarbeets (but 
may become economical in the near 
future) . And, because part of the cost of 
the raw product is energy, as the price 
of gasoline increases, the cost of 
production increases. 
What About Alcohol from the 
By- Products? 
In the factory, one ton of 16 percent 
sucrose sugarbeets yields approximately 
265 pounds of crystallized sugar, 150 
pounds of pulp, and 85 pounds of 
molasses. Some sugar is retained in the 
pulp (about 8 pounds) and approximately 
47 pounds of sugar are uncrystallizable 
and remain in the molasses extract. 
The high concentration of sugar in the 
molasses makes it a highly desirable 
candidate for alcohol production. In fact, 
cane molasses was used extensively for 
alcohol production years ago until its 
value as a cattle feed exceeded its 
value for alcohol. That situation still 
persists. Price quotes for molasses vary 
with the price of barley and range from 
$74 to $85 per ton. If the low value of 
$74 per ton is used, the value of the 
molasses in a ton of raw beets is about 
$3.14. That same molasses converted to 
alcohol would yield from 3.2 to 3.5 
gallons. This places the value of the 
molasses per gallon of alcoh'ol produced 
between $0.90 and $0.98. Adding the 
cost. of conversion to alcohol would put 
the total price at about $1 .50 per gallon. 
In evaluating the potential use of any 
food crops for alcohol fuel the ultimate 
energy balance must be considered. In 
1974. the USDA made an extensive 
survey of the energy inputs required to 
grow our major crop plants. It is 
generally agreed that . in cereals , the 
input (crop producing) energy exceeds 
output energy (realized by consumer) . 
The energy input for growing sugarbeets 
in the United States averages about 
32,448 BTU/gallon of potential alcohol 
(Table 6). Utah is a little below, and. 
Idaho is a little above the national 
average. The production and application 
of fertilizers amounts to about 45 
percent of the total energy used to 
produce a crop of sugarbeets. (Large 
amounts of natural gas are consumed in 
producing nitrogen fertilizer .) On a 
national average, irrigation accounts for 
about 25 percent of the total energy 
invested in a sugarbeet crop. This varies 
considerably depending on the type of 
irrigation: whether from deep wells and 
sprinkled. or from surface water and 
furrow-irrigated . 
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If the factory-clear juice (when the 
beet sucrose is in the solution) is taken 
for fermentation, we have the following 
energy balance situation . Factory 
figures indicate that it takes about 
25 ,217 BTU (per gallon of potential 
alcohol) to prepare the raw beet and 
obta in the clear juice. This leaves about 
26,760 BTU from the 84,425 BTU per 
gallon of alcohol for fermentation, 
dist illat ion , transportation, etc. 
Estimates of distillation range as high as 
50,000 BTU per gallon. However, the 
most reasonably acceptable estimate at 
present is around 27,000 BTU per 
gallon . This means that we could expect 
to reap about as much energy in the 
alcohol as went to produce it . The use 
of any by-products would modify that 
expectation. 
Advantageous Modifications 
A number of approaches could im-
prove the economic as well as the 
energy situation. These need to be 
invest igated relative to sugarbeets. 
1) Increasing production per acre. 
There appear to be significant 
genetic and agronomic potentials 
for increasing alcohol production 
per acre from sugarbeets and other 
members of the Beta species 
(Figure 1). 
2) Reducing conversion costs. 
Present estimates of conversion 
costs and energy inputs are based 
on sugar factory operations. These 
estimates could be reduced by 
directly converting the beets, rather 
than using endpOints in a sugar-
process ing factory. Or, factory 
operations could also be altered to 
reduce the energy and dollar costs 
of produc ing sugar by accepting 
less marketable sugar in trade for 
more by-product sugar for alcohol 
fermentation . 
3) Integrating sugarbeet·sweet 
sorghum crops. Personnel of 
Battelle Laboratories at Columbus , 
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Ohio, have suggested that sweet 
sorghum be integrated with other 
sugar c rops. Sweet sorghum has a 
remarkable potential for alcohol fuel 
production and would extend the 
use of sugarbeet fermentat ion and 
sugar processing facilities because 
of its earlier maturity. 
4) Energy of conversion. The 
abundant geothermal resources in 
the mountain states offer a 
potent ial source of energy for 
conversion processes. If the energy 
of conversior were taken from low 
pl lori ty sources such as geother-
mal, coal , bagasse, solar , or 
digestion of beet pu lp, then 
product ion of a high-priority fuel 
such as alcohol is desirable even if 
the energy input-output is 1: 1 . 
But Do We Want to Convert Foods 
into Fuels? 
To the pol iticians this question has 
one meaning , to the processor another, 
and to the grower still another. The 
positive reasons for produc ing alcohol 
fuel from biomass include: (1) reduce 
the imports of foreign oil , (2) improve 
the U.S. balance of trade, (3) ra ise farm 
income, and (4) do away with farm 
surplus. [The latter point doesn 't seem 
to apply to sugarbeets since we import 
sugar (F igure 2) . The world, however, 
has a large sugar surplus.] Other 
reasons are to save taxpayers bill ions of 
dollars in farm subsidies, and to help 
convert the nation from fossil to 
renewable sou rces of energy. 
These are all very desirable benefits . 
There are, however, some negative 
aspects . Among these are: (1) It is 
expensive to produce alcohol from 
biomass at the present time. Th is 
certainly could change in the near future 
if fuel prices continue their prec ipitous 
increases. (2) Compet ition from other 
sources of energy (synthet ic fuel , solar, 
etc.) is a great concern to sugar 
process ing compan ies. If the price of 
gasoline increases to where it is 
economical to produce alcohol from 
sugarbeets, will it also be economical to 
produce energy from other sources? 
The sugar compan ies have expressed a 
strong interest in alcohol production, but 
they are reluctant to invest millions of 
dollars into uneconomical fac ilit ies that 
could be obsolete when they become 
economical because of compet ition 
from coal . etc. (3) Alcohol product ion 
from foodstuffs will necessitate 
government subsidies if the raw farm 
product is more valuable as a food . (4) 
Such production will either increase or 
have no effect on the U.S. balance of 
trade if the raw farm product has 
trad itionally been exported. (5) It wil l 
increase inflation by tying the cost of 
food to the cost of fue l. To the grower. 
th is may be a posit ive advantage; 
however. to many this is a negative 
possibility . 
Whether sugarbeets will be used for 
alcohol fue l production is uncertain at 
the present time. However, given the 
present world situation , our dependence 
on fore ign oi l. the federal government 's 
commitment to alcohol fuel production 
from biomass and the high potential of 
sugarbeet; prospects do look promising. 
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Figure 1: World sugar consumption. To give an Idea 01 relative volume yield; the beet above will produce 
either one-third pint alcohol or two-thirds pint rel ined sugar. 
Figure 2: U.S. sugar consumption. 
Table 1: Biomass (Dry wt. in Tons/Acre) of nine experimental 
hybrids. 
Sugar as % of 
Hybrid Blade Petiole Root Total total biomass· 
L29 X L19 1.86 2.07 6.74 10.67 42.6 
L29 X L21 2.43 1.85 6.87 11 .16 42.0 
L29 X L33 1.53 1.50 6.16 9.20 45.6 
L29 X L35 1.44 1.50 5.71 8.66 45.8 
L29 X L36 1.73 1.63 5.92 9.33 45.4 
L29 X L38 1.72 1.85 7.00 10.58 44.3 
L29X L53 1.63 1.82 6.83 10.27 46.9 
L29 X 005 2.18 2.35 6.01 10.54 39.0 
C17 X C97 2.15 1.98 6.05 10.18 39.0 
Mean 1.85 1.84 6.37 10.06 43.4 
'Total sugar divided by total dry weight. 
Table 2: Sugar yield, total dry matter (biomass) per acre, and 
fermentable sugars as a % of total biomass. 
Sugarbeet 
Sweet Sorghum 
Sugarcane 
Fermentable Total % of Total 
Su ars Biomass Biomass as Su ars 
Tons/Acre Tons/Acre % 
3.5 - 5.0 
2.5·3.5 
3.0 · 8.5 
8.0 · 12.0 
8.0 · 12.0 
10.0 · 25.0 
40 · 45 
25 · 30 
30 · 35 
Table 3: Percent sugar, root yield, sugar yield, and potential 
alcohol yield for nine experimental hybrids. 
Hybrid 
L29 X L19 
L29 X L21 
L29 X L33 
L29 X L35 
L29 X L36 
L29 X L38 
L29 X L53 
L29 X 005 
C17 X C97 
Sugar 
% 
16.7 
15.7 
15.4 
16.0 
15.5 
15.1 
15.7 
15.0 
14.2 
Root Fermentable Potential 
Yield Sugars Alcohol 
Tons/Acre Tons/Acre Gal/Acre· 
27.2 
29.8 
27.2 
24.8 
27.2 
31 .1 
30.6 
27.3 
27.9 
4.55 
4.69 
4.20 
3.97 
4.24 
4.69 
4.82 
4.11 
3.97 
619 
638 
571 
540 
576 
638 
655 
558 
540 
• Based on 84 % conversion of sugar to alcohol. 
Table 4: Percent sugar, root yield, sugar yield, and potential 
alcohol yield of 5 commercial hybrids. 
Commercial 
Hybrids 
GWD2 
U18 
HH22 
AH10 
USH20 
Su ar Root Yield 
% Tons/Acre 
16.9 
16.3 
15.3 
16.2 
15.6 
28.05 
25.71 
25.41 
23.93 
22.17 
• Based on 84 % conversion of sugar to alcohol 
Table 5: Cost of alcohol from sugarbeet. 
Raw Product 
Convers ion (Battelle Figures) 
Total /Gallon 
Less By·product 
Stillage 
Pulp 
Total By·product 
Adjusted Cost/Gallon 
4.74 
4.19 
3.89 
3.88 
3.46 
Table 6: Energy input·output for alcohol 
sugarbeet. 
Output 
Input 
Growing Crop (23 gal/ton) 
Preparing raw product (clear ju ice) 
Fermentation , distillation , etc. 
Potential 
Alcohol 
aI/Acre· 
644 
570 
529 
527 
470 
Per Gallon 
$1 .08 
0.60 
$1 .68 
0.05 
0.20 
- 0.25 
$1.43 
production from 
BTU/Gallon 
84,425 
32,448 
25,217 
? 
Note: If the fermentation, distillation, transportation, etc. require consumption of less 
than 26,760 BTU/Gallon , there is a net positive energy balance. 
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POTENTIAL RESOURCE AND POSSIBLE ENVIRONMENTAL PROBLEM 
R. J. WAGENET, D. F. FRANSWAY, and C. M. McKELL 
As crude oil reserves throughout the 
world dwindle, and exporting nations 
begin to utilize this resource as a 
political weapon, the United States is 
increasingly aware of its precarious 
dependence on imported oil. One result 
has been a rekindled interest in 
developing a commercially viable shale 
oil industry. 
Oil shale consists of an inorganic 
matrix of calcite, dolomite, feldspar and 
quartz, and oil-like products composed 
of tightly bound organic compounds of 
bitumen and kerogen (Table 1). Bitumen 
is soluble in petroleum solvents and 
poses minimal oil extraction problems. 
Kerogen, however, which constitutes the 
bulk of the organic complex (Yen and 
Chilingarian 1976), is not soluble and 
requires heat for oil extraction. 
The use of oil shale as a source of oil 
is not peculiar to the Twentieth century. 
The first verified report of oil products 
being derived from shale is dated 1694, 
when Patent Number 330 was issued in 
Britain to a group who reported to have 
found a way to extract great quantities 
of oil from a " sort of stone" (Yen 1976). 
By the 1920s, oil shale industries were 
developed in many countries, including 
Scotland, France, U.S.S.R., Brazil , and 
the United States. As long as cheaper 
sources of oil were available, however, 
the industry never fully developed in the 
United States and by World War II most 
operations had been curtailed. 
In 1957, Union Oil of California began 
a small scale investigation of ways to 
extract oil from oil shale. This particular 
plant utilized up to 1,200 tons of shale 
feed per day (Lipman 1975). The plant 
was closed in 1958 because, as Fred L. 
Hartley, President of Union Oil, testified 
in 1967, an oversupply of oil was 
coming into the country. and shale oil 
had low depletion allowances compared 
to crude oil (McDonald 1974). No further 
substantial private work on oil shale was 
conducted in the United States until 
1974, when the Department of Interior 
issued the first federal oil shale lease 
jointly to Gulf Oil Corporation and 
Standard Oil of Indiana after they had 
prepared environmental impact 
statements. Other leases, involving most 
of the major oil companies of the United 
States, were subsequently let in 
Colorado, Wyoming , and Utah. 
Oil Extraction Processes 
The retort processes used to extract 
the oil from the mineral matrix may be 
classified in two ways. In the surface 
retort process, the shale is mined, 
crushed, and conveyed to the retorter 
where it is crushed again. It is heated to 
high temperatures (about 500°C) to 
volatilize the oil, after which it is con-
densed and collected. The spent shale 
is discarded. The spent oil shale utilized 
in the research reported in this study 
was processed by a surface retort 
method known as the Paraho Process 
(Dineen 1976, Prien 1974, 1976). The 
second process, the in situ method, 
involves fracturing and retorting the 
shale within its geologic formation . The 
in situ process is less costly and is 
presently considered to minimize en-
vironmental impact (Yen and 
Chilingarian 1976). Improvements in 
technology are needed, however, before 
the in situ process becomes feasible on 
a commercial basis (Cook 1974). 
Although surface retorting technology 
has demonstrated high recovery ef-
ficiencies, it also produces vast 
amounts of spent shale (Figure 1) that 
must be disposed of and revegetated 
without imposing substantial en-
vironmental impacts. For example, a 
250,OOO-barrels per day industry using a 
surface retort would product more than 
100 million tons of spent shale annually 
(Cook 1974). The problems of spent 
shale disposal , revegetation , and 
assoc iated water pollution remain un-
solved. 
Where Is the Shale? 
The majority of the world 's oil shale 
reserves occur in a few large deposits 
such as the Eocene Green River For-
mation of the western United States , the 
Devonian shales of the eastern and 
central United States, the Permian Irati 
shale of Brazil, and the Cambrian 
deposits of Northern Asia (Duncan 
1976). Although estimates vary, Yen 
(1976) indicates that the world's shale 
oil potential constitutes approximately 
30 trillion barrels of shale oil. The single 
largest holder of these deposits is the 
United States with 23 trillion barrels of 
shale oil (U .N. Report Series 1967). 
These depOSits occur throughout the 
United States . The richest and most 
extensive deposit, however, is the Green 
River Formation of Colorado, Utah, and 
Wyoming (Yen and Chilingarian 1966). 
This area encompasses some 6.5 million 
ha (14.3 million acres), of which about 
4.5 million ha (9.9 million acres) is 
believed to contain shale suitable for 
commercial development. Total potential 
production is estimated at 600 to 700 
billion barrels of shale oil (Frischknecht 
and Ferguson 1979, Yen 1976). The 
topography of the area consists of 
plateaus, steep escarpments , canyons, 
and large basins (Cook 1974). Elevations 
range from 1,650 m to 3,300 m (5,400 ft 
to 10,800 ft) above sea level. Average 
annual preCipitation var ies from 15 cm 
(6 in) in the Wyoming plains to about 51 
cm (20 in) in some of the higher 
plateaus of Colorado (Hendricks and 
Ward 1976). About 60 percent of the 
precipitation occurs as snow from 
November through March, with the 
remainder resulting from thunderstorm 
activity during spring and summer 
(Weeks 1974). Wind and water erosion 
rates in this region are equivalent to 
about 2,800 to 5,600 kg/ha (2,800 to 
5,600 Ib/acre) per year (Cook 1974). It is 
highly possible this may increase with 
the development of the shale resources . 
The Problem of Salt as a By-product 
The development of the Green River 
oil shale resources has been hampered 
by the inherently saline nature of these 
shales. The 1965 Water Quality Act and 
agreements between the United States 
and Mexico regulating the salinity levels 
of the Colorado River water flowing into 
Mexico. have mandated the control of 
saline waters in the Colorado River 
Basin. Unfortunately. the highly saline, 
processed shale could contribute a 
large quantity of salts during the 
revegetation process and in years 
following revegetat ion as waters move 
into and through shale. 
During revegetat ion , it can be 
hypothesized that any water from 
precipitation or supplemental irrigation 
will dissolve soluble shale salts . These 
salts would logically tend to become 
concentrated in the root zone of the 
introduced vegetation and threaten plant 
establishment and survival. Applications 
of water in excess of evapotranspiration 
will move salts beyond plant root zones. 
SUMMER 45 
Substantial quantities of water, however, 
may leach salts into the groundwater 
and subsequently degrade the water 
quality for downstream users , violating 
the laws referred to above . Control of 
salinity from oil shale development is 
therefore crucial if we are to protect the 
quality of water suppl ies in the semi-arid 
and arid West . 
Studies of Salt Release and 
Movement in Spent Shale 
The release of salt from spent shale 
during leaching by irrigation or rainwater 
was recently studied at Utah State 
University in a series of laboratory 
experiments. These studies focused on 
salt dissolution and migration to deeper 
depths as water moved through a spent 
shale prof ile. Unsieved shale as 
delivered from the field site was sub-
jected to a series of water application 
treatments designed to cover a range of 
environmental conditions that might be 
imposed on a spent shale pile . These 
experiments are described in detail in 
the inset. 
The Paraho processed oil shale used 
in this study was found to be highly 
saline, readily leached, and similar to a 
sandy soil in its moisture release and 
hydraulic conductivity characteristics . 
This shale did not display any 
hydrophobiC tendencies and is therefore 
capable of contributing massive 
quantities of salt to surface and ground 
waters when enough water is present to 
leach the shale. The majority of salt that 
can potentially be released from the 
spent oil shale is a composite of 
primarily Na, Mg, and S04 existing 
external to the shale matrix, and is not 
salt generated by the weathering and 
dissolution of the shale during leaching. 
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The massive quantities of saline 
minerals in most oil shales (Table 1) 
certainly could be the salinity source. 
These salts would not be removed 
during the mining and retort process 
and would be present in the spent shale. 
The contribution of the shale itself to the 
entire salt load of the system can be 
approximated by the very low salinity (or 
EC, as explained in the inset) values 
obtained in the continuous ponding 
treatment at the 316 hr sampling . 
Comparison of these values with very 
high salinity values obta ined along the 
ent ire column at the four hr sampl ing of 
this treatment shows the relat ive 
contribution to the total salt load of 
indigenous shale salts and salts external 
to the shale. 
The cont inuous ponding experiments 
demonstrated the readily soluble and 
mobile nature of the salts in the shale 
we were testing. We therefore wanted to 
examine the behavior of these salts 
under conditions more reasonably 
approximating the real world . For 
example, if irrigation were applied for 
establishing revegetation species, or if 
rainfall or snowmelt contributed a pulse 
of water to spent shale, salt would be 
dissolved and carried downward as the 
water infiltrated. As evapotranspiration 
demands at the shale-air interface in-
creased, such infiltrated water would 
(presumably) move upward, transporting 
salts to the surface where they would 
be deposited and concentrated as the 
water evaporates . These salts could 
exert deleterious effects on the 
vegetation or, if leached or eroded 
during high intenSity storms, could 
contribute to runoff water quality 
problems. The practical question is: 
what minimum quantity of water and 
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what maximum frequency of applicat ion 
can best leach salt from the upper 
zones of a spent shale pile without 
transport ing it to dangerously deep 
regions? Ideally, the shifted salt would 
then be neither leached to groundwater 
systems nor be present in the surface 
depths, thus not affecting plants or 
water quality adversely. 
The most effective irr igation 
schedules in leaching these sa lts 
beyond the root zone were those in 
which large (12.7 cm) pulses of water 
were applied (see inset). These treat-
ments typically achieved the low sa linity 
values needed in the root zone for plant 
establishment, without inducing sub-
stantial downward leaching . Smaller 
increments of appl ied water were 
ineffective in moving the salts out of the 
root zone, with measured sa li nity values 
in these drier cases found to be in 
excess of tolerable levels. 
The highly saline nature of processed 
shale need not preclude successful 
revegetation efforts . Proper 
management of applied irrigation water 
can effectively reduce salt levels in the 
upper rooting zone of the shale, without 
endangering groundwater quality. Up-
ward salt migration during evaporation 
periods does not appear from this study 
to be a problem due to the very low 
hydraulic conductivity values charac-
teristic of the shale at low water con-
tents . The reduction of salt presence in 
the root zone will allow carefully 
selected salt-tolerant plant speCies to be 
introduced to the system (McKell 1976). 
If the shale is buried under any amount 
of top soil, these measures should be 
reasonably effective given the nature of 
salt release and water movement in 
spent shale piles. 
Table 1. Average chemical composition of a Green 
River oil shale (Yen and Chilingarian , 1976). 
Figure 1. Disposal pile of processed (spent) oil shale. 
INVESTIGATING OIL SHALE PROPERTIES 
DETERMINATION OF SALT RELEASE 
and movement in spent oil shale was 
studied using specially designed 
laboratory leaching columns (Figure 2). 
These columns were constructed from 
plastic irrigation pipe and were in-
strumented for extraction of water 
samples from the column during the 
study period. These samples were 
collected at regular intervals. and 
analyzed to determine their salinity. 
These salinity values are reported as 
electrical conductivity (EC. mmho/cm) . 
The water management regimes used 
in this study were chosen to typify wet , 
substantial leaching (12.7 cm) . and 
drier. reduced leaching (6.4 cm) . Water 
application treatments were: (1) con-
tinuously ponded for 36 hr followed by 
intermittent water application, (2) 12.7 
cm of water applied once every 24 hr. 
(3) 12.7 cm of water applied once every 
72 hr. (4) 6.4 cm of water applied once 
every 24 hr , and (5) 6.4 cm of water 
applied once every 72 hr . 
The results of the continuous ponding 
treatment (water applied constantly for 
the first 36 hr of the study) (Figure 3a) 
demonstrate the very soluble nature of 
the salts' present in the spent shale 
system. After 12 hrs of leaching (about 
150 cm water applied). the salinity in the 
upper 45 cm of the column had dropped 
to electrical conductivity (EC) values 
less than 1.0 mmho/cm. Even the lower 
45 cm exhibited only slight salt 
presence, with EC readings exceeding 2 
mmho/cm in only one position . The 
United States Salinity Laboratory has 
established criteria (1954) that consider 
an EC of 4.0 mmho/cm as being the 
upper limit of salinity for a non-saline 
soil, and for minimal detrimental effect 
to plants. This is particularly true of salt-
tolerant species that exist naturally in 
slightly saline, semi-arid environments. 
After 24 hr, EC values had dropped 
to less than 1.0 mmho/cm along the 
entire 90 cm column. After 36 hr, the 
continuous ponding was terminated, and 
the shale was allowed to drain until time 
168 hr (7 days), at which pOint water 
was applied for 4 hr. Drying then 
proceeded for several hours, with a third 
water application imposed for times 193-
196 hr. This procedure examined the 
assumption that during drying the shale 
would release more salts , and hence 
solution samples and leachate would 
exhibit higher EC readings upon 
rewetting . As can be seen from the 96 
hr (4 days) sampling event , EC readings 
at all depths remained below 1.0 
mmho/cm. This observation was also 
true at 316 hr (13 .2 days), at which point 
this experiment was terminated. These 
Figure 2. Laboratory leaching columns designed to study salt movement in spent shale. 
results indicate that no noticeable 
quantity of additional salt was released 
into solution by the shale, beyond that 
salt immediately solubilized and leached 
from the column during the first 24 hr . 
The salts present in the shale system 
we tested were therefore presumed to 
be predominately in precipitated form, 
existing exter nal to the shale, rather 
than being produced to any great 
degree by the gradual dissolution of the 
shale itself during the leaching process. 
The most effective of the five 
treatments studied, in terms of removing 
salts , was the case in which the most 
water was applied, i.e. 12.7 cm/24 hr. 
These conditions leached the upper 45 
cm to acceptably low EC levels by the 
148-hr sampling, and the entire profile 
had been leached to low EC levels by 
196 hr. This represents movement of a 
substantial quantity of water (216 cm) 
through the system. Such a 
management reg ime is unacceptable 
given the availability of water in most 
areas where spent oil shale will be 
revegetated . At the other extreme, the 
6.4 cm/72 hr treatment (Figure 3b) had 
leached very little salt after 580 hr. This 
management regime , therefore , is also 
unacceptable , even though it minimizes 
inputs of water and energy. 
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When 6.4 cm were applied at a 24-hr 
frequency , the EC dropped to below 2 
mmho/cm in the upper 45 cm of the 
profile after 316 hr. For the 12.7 cm/72 
hr treatment (Figure 3c), this drop oc-
curred between 293 and 366 hr. The 
total amounts of water applied by the 
366-hr sampling were 102 cm for the 6.4 
cm/24 hr case and 76.2 cm for the 12.7 
cm/72 hr case . These quantities of 
water displaced salts past the 45 cm 
depth quite efficiently. Since the object 
of salt management in spent shale is to 
remove the salt from the root zone of 
plants, without moving the salt com-
pletely out of the shale into ground-
water , these treatments appear to be 
most promising . In fact , the 12.7 cm/72 
hr case 25 percent less water (about 26 
cm) to reduce the salinity to ap-
proximately the same levels in the plant 
root zone as did the other treatments . 
This water management regime 
deserves extra future attention as a 
means of minimizing water application 
while creating a favorable regime for 
plants. 
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Figure 3. Typical data obtained from leach ing experiments conducted using columns in Figure 2. 
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WADE G. DEWEY 
SEED OF A NEW WINTER WHEAT 
variety will be available on a limited 
scale to Utah growers in the fall of 
1980. The variety, developed by the 
Utah State Agricultural Experiment 
Station, is intended primarily for dryland 
use; however, it has shorter straw than 
most dryland varieties and may 
therefore be of value under moderate 
irrigation . 
Background 
Manning derives from a complicated 
series of crosses involving a sister 
selection of the variety Hansel , the 
variety Delmar, and a semidwarf 
breeding line. Its pedigree is Delmar/P.1. 
178383/1Columbia/4/Delmar/3/UT 175-
5311Norin 10/Brevor. The final cross in 
the sequence was made in 1967, and 
the single F6 plant that eventually 
became the variety Manning was 
selected in 1973. During its testing 
period, the new variety was identified as 
the breeding line 890-99. Prior to its 
naming and release, 890-99 was grown 
in comparative yield, disease, and 
quality tests for three years at various 
dryland locations in Utah and in the 
Western Regional Hard Red Winter 
Wheat Nursery for two years . It was 
named Manning in honor of the late 
Hugh Manning, a well-known Box Elder 
County wheat grower, who was a life-
long advocate of good dry farming 
practices , a staunch supporter of 
dryland wheat research, and one of the 
prime movers behind the acquisition and 
development of the Blue Creek Dryland 
Experimental Farm. 
Description 
Manning is a bearded, bronze-
chaffed, hard red milling wheat. It is 
similar in appearance to Hansel , except 
that it is generally 5 to 6 inches shorter. 
This reduction in height should make it 
particularly well-suited to dryland areas 
that often receive above-average 
precipitation , where lodging may be a 
problem. Similarly, it will stand up much 
better under moderate levels of 
irrigation than will the standard dryland 
types . 
Manning is also several days earlier 
in heading and maturity than are the 
varieties Cache and Hansel. Com-
parative height and heading data for 
Manning and several other varieties 
grown under dryland conditions at Blue 
Creek are shown in Table 1. 
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Kernels are hard red, medium in size, 
and have had relatively good test 
weight . 
Yield Performance 
Manning accumulated an excellent 
yield record during its three-year testing 
period in San Juan, Millard, Juab, Utah, 
Cache, and Box Elder counties. 
Averaged over the 15 locations where it 
was grown during 1977-79, it showed a 
4 to 5 bushel per acre advantage over 
the best of the standard varieties with 
which it was compared (Table 2). It also 
ranked among the highest yielding 
entries in the Western Regional Hard 
Red Winter Wheat Nursery. 
Manning 's yield advantage over some 
of the taller varieties was most evident 
at dryland sites where soil moisture and 
fertility conditions were better than 
average. This yield advantage 
diminished or disappeared as growing 
conditions became less favorable. 
Disease Resistance 
Dwarf smut is a serious disease of 
winter wheat in Utah, particularly in the 
northern counties . Since varietal 
resistance offers the most economical 
and effective control of this soil-borne 
fungus, all of our breeding lines are 
screened against dwarf smut in 
artifiCially-inoculated nurseries. Manning 
appears to possess essentially the same 
high level of resistance as does Hansel, 
the variety which presently occupies 
most of the acreage in our worst dwarf 
smut areas. Fortunately, Manning also 
exhibits good resistance to a new smut 
race (T-30) to which several of the 
standard dryland varieties show con-
siderable susceptibility (Table 3) 
Manning has demonstrated better-
than-average tolerance to snowmold, 
another winter wheat disease problem in 
Utah. 
Baking Quality 
Manning consistently received good 
overall baking ratings from the quality-
control laboratories of the Peavey Co. 
and Pillsbury Mills, Inc. at Ogden and 
from the Western Regional Cereals 
Quality Laboratory at Pullman, 
Washington. It has slightly better-than-
average test weight and is a relatively 
strong mixing wheat. Results of quality 
comparisons involving Manning and a 
number of other winter wheat varieties 
tested at Pillsbury Mills are given in 
Table 4. Protein content was somewhat 
lower for Manning than for some of the 
other varieties in the tests . There is 
generally an inverse relationship be-
tween yield and protein content in wheat 
because of competition for available soil 
nitrogen. Since Manning is usually on 
the higher end of the yield scale, it 
frequently ranks somewhat lower than 
average in protein content , especially 
under conditions where soil nitrogen is 
low. 
Recommended Use and Seed 
Availability 
It is not anticipated that Manning will 
generally replace the winter wheat 
varieties presently being grown in Utah. 
A number of these (e.g., Hansel , Car-
don, Jeff , Ranger, and Weston) are still 
doing a good job, and where these 
varieties are meeting the growers ' 
needs, there may be no particular 
advantage in shifting varieties . However, 
for dryland areas with above average 
yield potential , i.e., where soil fertility 
and/or precipitation are particularly 
favorable , Manning is expected to find a 
useful place. Its capacity for high yields 
and its relatively short straw might also 
adapt it well to areas where one or two 
irrigations are possible. 
Additional nitrogen fert ilization is 
recommended with Manning, since a 
few extra bushels per acre in yield is 
usually accomplished at the expense of 
protein content, if soil nitrogen is 
limiting . 
Approximately 100 acres of Manning 
were planted for seed increase in the 
fall of 1979. This should make several 
thousand bushels available for com-
mercial seeding in the fall of 1980. 
Inquiries as to specific seed sources 
can be directed to the Utah Crop Im-
provement Association at Utah State 
University, Logan, Utah 84322. 
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Table 1. Height and Heading Data for Several Dryland Winter 
Wheat Varieties Grown at Blue Creek in 1979. 
Variety 
Manning 
Bridger 
Cardon 
Weston 
Ranger 
Cache 
Hansel 
Jeff 
Table 2. 
Variety 
Manning 
Jeff 
Ranger 
Hansel 
Cardon 
McCall 
Ark 
Wanser 
Tendoy 
Franklin 
Bridger 
Cache 
Table 3. 
Variety 
Tendoy 
Wanser 
McCall 
Bridger 
Cache 
Arbon 
Ranger 
Cardon 
Weston 
Jeff 
Manning 
Hansel 
Height Heading 
(inches) date 
29 6/4 
32 6/6 
33 6/7 
34 6/3 
34 6M 
35 6/10 
36 6/9 
36 6/5 
Dryland Winter Wheat Yields in Utah, 1977·79 (Bushels per acre). 
1977 1978 1979 3·yr. Avg. 
(4 locations) (6 locations) (5 locations) (15 locations) 
37.4 51 .9 26.0 38.4 
36.0 44.2 24.2 34.8 
34.8 43.8 24.7 34.4 
33.0 43.5 23.9 33.5 
34.2 41 .8 23.9 33.3 
33.7 43.0 22.0 32.9 
34.2 41 .3 22.8 32.8 
33.3 42.1 22.4 32.6 
33.8 39.2 23.5 32.2 
32.8 38.7 23.5 31 .7 
32.5 39.1 22.7 31 .4 
31.6 35.4 22.1 29.7 
Smut Reaction of Dryland Winter Wheat Varieties Cur-
rently Grown in Utah. 
Dwarf Smut 
1978 1979 2-Yr. Avg. Race X·16 
(Percent Infection) 
90 80 85 85 
90 75 83 75 
75 80 78 50 
45 50 48 5 
40 45 43 2 
45 5 25 20 
10 10 10 65 
8 6 7 1 
5 1 3 45 
5 1 3 70 
3 1 2 1 
2 1 2 3 
Table 4. Quality Characteristics of Several Winter Wheat Varieties (Analyzed by Pillsbury Mills). 
Test Wei ht (Ibs/bu.) Protein (%) (minutes) Loaf Volume (inches) Bakin 
Variety 1978 1979 1978 1979 1979 1978 1979 1978 
Cache 61.4 60.0 13.6 15.1 2.0 44.0 41 .8 F -
Bridger 61 .3 59.4 13.0 14.9 11 .5 49.0 46.5 G 
Cardon 59.3 58.5 13.5 14.0 18.0 47.5 47.3 G-
Hansel 60.1 59.1 12.1 14.1 10.0 49.0 47.5 G 
Jeff 61 .4 60.6 12.2 13.6 6.5 45.5 43.8 F 
Ranger 59.7 59.7 12.7 12.2 10.0 45.5 44.3 F 
Weston 60.0 60.8 11 .5 13.3 5.0 45.0 42.3 F 
Arbon 60.1 59.6 10.2 11 .8 6.5 44.0 43.0 F -
Manning 60.5 60.1 11 .1 12.7 10.5 46.5 45.3 G-
Ail samples were grown at Blue Creek 
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Anemometers measure wind power at stations for 
alternate energy sources. 
Fish-eye photos of cloud cover correspond to paper 
tape data. 
The high reflection of snow cover IS measured by short-term 
reflection measurements taken by instrument-equipped balloons 
launched from the ground surface. 
Each sensor is cal ibrated In the laborat 
pilot tested on the roof of the bUilding , 
being used In the field . 
y and 
Hore 
The actual radiation recording outfit as used for each station on the mountain sites. 
The data gathering system consists of the electronics and magnetic 
tape recording . The paper tape recorder is used for an immediate 
equipment check. 
View from Snow Bird into Salt Lake City showing the Inversion and 
fog in the valley. Notice that the mountains are clear. 
INGE DIRMHIRN 
Most of us tend to tal"e the 
commonplace for granted. We 
know the sun is in the sky every day 
whether we see it or not. Its energy 
fuels the earth 's weather cycles , keeps 
plant life going , warms us in the spring 
and fall, makes us lazy in the summer, 
and gives us brilliant , heart-lifting days 
in the winter . The sun has not been 
something we can " manage"-so we 
haven 't worried about its comings and 
goings. 
But now the sun 's energy is as 
precious a commodity as oil or coal. 
And we can no longer complacently 
reap that energy only through second-
hand sources such as fruits , vegetables , 
and other plant products . Instead, more 
and more homeowners are looking 
toward solar energy as a direct source 
of space- and water-heating. At the 
same time, scientists are seeking ways 
to convert solar energy into an efficient 
source of electricity. 
Before the sun can be substituted for 
today's sources of electricity , however, 
several problems must be solved. Many 
of these problems involve engineering. 
But the most basic simply requires that 
we identify sites with in the United 
States where solar energy can best be 
harvested. We know that northern states 
get Jess, sU(lshine than southern states 
and western states tend to get more 
than eastern . We also know, thanks to 
some Department of Energy funded 
studies, that less of the sun 's energy 
penetrates to the ground in urban than 
rural areas. 
To determine whether similar dif-
ferences exist between high elevation 
mountains (3,000 meters or 9,000 feet) , 
mountain valleys , and plains/foothill 
areas, the Department of Energy (in 
1977) funded a USU research proposal. 
We wanted to work along a transect 
running from Salt Lake City to Denver 
accumulating specific data about the 
solar climates at various elevations as 
these related to topography, time of 
year, ~ypes of cloud cover , and slope 
orientations. 
We now have three years of in-
formation from three stations in Utah: at 
Cliff Inn and Hidden Peak at Snow Bird 
and at Salt Lake City. We are using the 
data we acquire at each of these 
stations in conjunction with 11 years of 
information from Utah State University 
in Logan, and the long-term records of 
the U.S. Weather Service in Salt Lake 
City. Additional data on radiation 
climates come from Berthoud Pass and 
Boulder in Colorado. Another 50 years 
of records from the Alps are also 
compared to the Utah/Colorado terrain. 
To date , it looks very much as if 
differences in quantities of potentially 
harvestable solar energy depend 
primarily upon elevation , cloudiness, 
surface cover (snow or bare), and solar 
angle. In other words, we are ap-
proaching a pOint at which we can 
develop equations and computer models 
that will predict how much solar energy 
reaches a location based upon those 
four factors . There are definite, 
specifiable differences between 
mountaintop, mountain valley, north- and 
southfacing slopes, and plains areas. 
Since ours is the only investigation 
being done in a mountain environment 
in the United States, such results could 
have a crucial effect on decisions about 
where major electricity generating 
facilities will be located when the 
engineering problems are solved. 
Mountains such as Utah 's Wasatch 
Front may hold substantial promise for 
those who want to look to the sun for 
electriCity or heat. If semiconductors 
can put conversion (from solar to 
electrical) efficiency up to 30 percent or 
better, high mountain installations may 
prove to be the preferred locale. The 
combination of snow cover reflections , 
less man-made atmospheric pollution , 
and the types of cloud cover that 
characterize mountains tend to optimize 
potentials for putting solar energy to 
work . 
Our completed work has already 
resulted in five technical reports in 
professional journals, with several more 
in progress , and four master 's theses. 
Even though we consider the data at 
this stage to be preliminary, we can use 
it to produce tentative models. Within 
our next one to two years of Department 
of Energy-funded research , we expect to 
be able to perfect and validate these 
models for practical applications. 
FIGURE 1. In tligher elevations there is less absorpt ion by molecules 
and clouds. 
FIGURE 2. Multiple reflections occur dur ing overcast and c loudy 
skies, creating up to 70 percent more radiation . 
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SNOW-COVERED 
MOUNTAINS 
lODAY'S RESEARCH FINDINGS 
Mountains have more hours of 
sunshine than the lowlands as shown in 
this curve developed from 50 years of 
recorded data in the Alps of Europe. 
The Rocky Mountains don 't have such 
drastic differences in high and low 
alt itudes in the availability of sunshine 
as do the Alps . The results of two years 
of recording are shown in Table 1. 
These averages do not reveal the actual 
differences in a specific month. These 
can be substantial , for example as in 
January of 1979 (Table 2). 
From the above, we conclude that long-
term recordings are necessary to 
develop averages. 
There is consistently more irradiance in 
the mountains because even under 
overcast conditions there is by far more 
radiative power. 
The increase of radiance with elevation 
at overcast skies during the fall shows 
the effect of diminishing thickness of 
clouds alone. 
The winter and spring values indicate 
a reduced cloud thickness, as well as 
the effect of multiple reflections bet-
ween a snow cover and the lower 
boundary of the clouds , which generate 
up to 70 percent greater irradiance than 
when the ground is bare. 
A consequence of the considerably 
higher irradiance in higher elevations 
under overcast skies is the apparent 
greater uniformity of radiative energy 
that is available regardless of degree of 
cloudiness. 
In valleys, where the sunrise is 
delayed and sunset occurs early, the 
total daily irradiance is generally 
reduced. However, during the times 
when the sun is shining into the valley, 
the radiative power can be increased up 
to 20 percent by reflection from sunlit 
snowcovered slopes. Computer models 
to exactly calculate the change in 
irradiance due to valley orientation and 
slope angles for any date and time were 
developed. They were confirmed by 
measurements with physical simulation 
models (mini-valleys) and data from the 
field. 
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FIGURE 3. Mountains in win ter have a favorable solar climate 
because of the reflective surface of snow. 
FIGURE 5. As this figure shows, the total incoming 
radiat ion in January varies. depending on sky cover. 
between approximately 45 and 100 percent of the 
possible at Snowbird. and between 24 and 100 
percent at Salt Lake City . Thus. at high elevations. 
low intensity measurements are missing. and cloud 
over seems to impart greater uniformity to radiat ive 
energy. 
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Table 1. Percent of days with Variable Skies 
Totally 
Totally Cloudy overcast 
Summer. Salt Lake City 
(June. July. August) 
Hidden Peak 
Winter. Salt Lake City 
Hidden Peak 
clear sky sky sky 
47 51 2 
41 
16 
17 
55 
49 
51 
4 
35 
32 
(Note these averages do not reveal the obvious dif-
ferences in individual months.) 
Table 2. Number of Days In January 1979 
Salt Lake City 
Hidden Peak 
(at Snow Bird) 
C lear Cloudy Overcast 
2 12 17 
5 17 9 
Table 3. Increase of Irradlance under overcast sky 
from Salt lake City to Snowbird 
Spring Fall W inter 
2.00 1.48 1 .98 
In summer. topographic clouds collect around mountains and ob-
scure direct sunshine. However. the clouds are very br ight inside. 
showering the surface with high irradiance despite the lack of direct 
sunshine. 
FIGURE 4. Irradiance is increased up to 20 percent from sunl it 
snowcovered slopes inside steep valleys. 
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Until the energy crunch revised our 
lives, the amounts of energy used in 
irrigation were of minor interest even to 
many irrigators. But times and per-
spectives change. And so must our 
attention, efforts, and goals. 
The rising costs of energy stimulated 
efforts to: improve both pump and water 
application efficiencies; optimize system 
design to reduce operating pressure 
requirements ; schedule irrigation more 
carefully; and develop innovative low-
energy irrigation practices. Many 
irrigated farms in the U.S.A. must 
achieve these goals or go out of 
business. Some with high-lift 
requirements , low efficiencies, and low-
value crops have already ceased 
operating. Energy conserving irrigation 
practices are even more important in 
developing nations with limited fuel 
reserves and foreign exchange 
restrictions. 
To illustrate costs and benefits, let us 
consider U.S. agriculture; its irrigation 
systems; the relationships between 
irrigation and other inputs to a crop like 
field corn; and how the production 
energy inputs compare with the other 
energy inputs to our food system. 
Historical Development 
Modern irrigation evolved during an 
era of low energy costs and in areas 
where energy supplies were plentiful. 
With increasing energy costs , however , 
an awareness of total energy flows has 
become essential. In response, the 
industry of irrigated agriculture has 
taken steps to reduce its energy inputs 
so it can compete efficiently with 
rainfed agriculture. Such efficiency is 
especially important when viewing the 
total world food production. 
JACK KELLER 
Different types of irrigation systems 
obviously may require vastly different 
energy inputs (Figure 1). Simply 
diverting a small natural stream into 
suitable terrain may involve only 
minimal amounts of human muscle 
energy. In contrast, pumping water from 
a deep well through an elaborate 
distribution setup composed of tons of 
plastic , steel , or concrete involves large 
energy inputs. 
Food System Energy 
Such energy costs become more 
meaningful when translated into foods 
we consume. Brown and Batty (1976) 
have looked at energy flows in the U.S. 
food system. At one point , they tracked 
the energy inputs needed to produce a 
single #303, one-pound can of whole 
kernel corn and take it to the con-
sumption stage. A can of corn , which 
has a digestible energy content of 269 
kcal, was selected because its 
production processes were already well 
documented and it is a worldwide 
staple. Figure 2 summarizes their find-
ings. 
Producing and consuming a can of 
whole corn grown on non-irrigated land 
demands an energy input equivalent to 
about 1/10 gallon of diesel fuel ; for 
irrigated corn it is about 1/7 gallon 
which is more than the corn can would 
hold! However. only about 1/8 of the 
total energy involved in producing and 
consuming a can of rainfed corn is used 
in producing it ; for irrigated corn a little 
over 115 of the total energy input is used 
to produce it. Obviously, irrigated 
agriculture is more energy intensive 
than rainfed agriculture. 
, 
Production Energy Inputs 
The energy relationships between 
rainfed and irrigated agriculture and the 
relative amounts of energy required for 
irrigation as compared to those for the 
other production inputs for field corn are 
tabulated in Table 1. It was assumed 
that 24 inches of irrigation water were 
needed and the pumping lift was 200 
feet for all but the modern surface 
system (that 's where the four lines 
cross on Figure 3). However, because of 
its greater energy efficiency, with a 
modern surface system like our Surge 
Flow system (discussed by A. A. Bishop in 
this issue). the pumping lift could be 100 
feet greater (300 feet) with the same 
total annual irrigation energy input. 
Irrigated agriculture with high pumping 
lifts is clearly energy intensive (Table 2). 
The differences in energy inputs for 
producing whole kernel corn for canning 
(Figure 2) vs. dried field corn (Table 1) 
are readily explainable. The yields differ 
between moist and dry corn , and there 
is no standard value which can be used 
for the irrigation lift or system type. 
These minor differences are in-
significant , however, relative to the total 
energy inputs required for canned corn 
in our food system. 
If the lift were zero, however, the energy 
costs for the four systems would be: 
Irrigation Method Kcaillb of field corn 
Traditional surface 590 
Modern surface 608 
Hand-move sprinkle 855 
Center-pivot sprinkle 940 
Trickle 965 
Rainfed 607 
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Agriculture 
non-i rrigated 
450 kcal/can 
Processing 
655 kcal/can 
Packaging 
1105 kcal/can 
Transportation 
441 mile haul 
231 kcal/can 
Marketing 
340 kcallcan 
Shopping 
2 '12 mile round trip 
654 kcallcan 
Home Preparat ion 
1 dishwasher cycle per day 
430 kcallcan 
Total 3865 kcallcan 
to 
~ 
CIJLJ 
oc=J 
Agriculture 
pumped irrigation 
1175 kcal /can 
Processing 
655 kcal/can 
Packaging 
1105 kcal /can 
Transportation 
1000 mile haul 
477 kcal/can 
Market ing 
340 kcallcan 
Shopping 
5 mile round trip 
982 kcallcan 
Home Preparat ion 
2 dishwasher cycles per day 
650 kcallcan 
Total 5384 kcallcan 
Figure 2. Summary of energy inputs (kcal) to a 1-l b can of whole kernel corn . 
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The left column shows energy inputs based on conservat ive 
assumptions. The right column shows how these energy inputs can 
vary depending on the assumptions made. 
100 200 300 400 
Woter li ft in feet 
Trodit ionol 
Sur face 
Hand- Move 
Center- Pivot 
Tr ick le 
... Modern 
Surfoce 
(Surge Flow ) 
500 
Total annual energy inputs requ ired by different irrigat ion systems 
as a funct ion of water li ft. Based on 24 inches of net irri gat ion per 
year. 
Thus, for traditional and modern surface 
irrigation systems with zero or low lifts, 
the energy input for producing corn is 
about the same as for excellent 
rainfed agriculture in the U.S. In con-
trast, for the more sophisticated 
irrigation systems, the energy 
requirements are considerably higher 
than for corn production under rainfed 
agriculture. 
Irrigation Systems and Energy 
The total annual energy inputs 
required by various irrigation systems 
can also be converted to equivalent 
gallons of diesel fuel per acre per year 
needed to apply 24 inches of water to a 
typical crop in Utah (Table 2). Values 
are given for the energy required to 
install the system divided by the life 
expectancy of the system, the human 
energy input (which is only significant 
for the traditional method), and the 
pumping energy. In converting diesel 
fuel into mechanical energy, an energy 
conversion efficiency of 25 percent was 
assumed. Thus, supplying the 2,000 kcal 
per day of food energy required by a 
working man would take about 1/3 
gallon of diesel fuel (Table 2). 
Figure 3 is a graphic presentation of 
the total energy required by various 
systems to achieve a range of water 
lifts from zero to 500 feet. A modern 
surface system (Surge Flow) requires 
the least energy of all systems except at 
low pumping lifts. The other four 
systems require about the same amount 
of energy for a water lift of 200 feet ; 
and the order of energy preference for 
these systems reverses as the lift in-
creases from less than 200 feet to over 
200 feet. For example, the traditional 
surface method requires the least 
energy at zero lift and the most at 500 
feet of lift. The lines in Figure 3 cross 
because the systems have different 
efficiencies. The efficiencies assumed 
were 40 and 80 percent for the 
traditional and modern surface, 70 and 
80 percent for the hand-moved and 
center-pivot sprinkle , and 90 percent for 
the trickle system. The energy required 
to manufacture the aluminum, plastic , 
and steel used in the sophisticated 
systems drastically elevates installation 
energy. This loses its importance, 
however , as pumping energy increases 
with lift. (The pumping energy needed at 
zero lift pressurizes the systems.) 
The Overall View 
Our food system is energy intensive 
because in the past energy was cheap 
and we spent our efforts on con-
venience and minimizing labor and 
management inputs. Today we must 
think anew and reduce energy inputs in 
a number of areas. Since irrigation can 
be the major energy input to irrigated 
agriculture, it is a good place to em-
phasize an energy conservation 
program. With this view in mind, the 
Agricultural and Irrigation Engineering 
Department has research and 
development programs in: 
o The performance of sprinklers 
operating at very low pressures. 
o Surge Flow and other modern sur-
face irrigation systems. 
o Optimizing crop production with 
minimum water (and energy) inputs. 
o Improving overall energy use ef-
ficiency for irrigation at the farm 
level. 
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Table 1. Estimated energy used to produce a pound of dry field corn under rainfed 
and irrigated conditions in the U.S. 
Item 
Labor 
Machinery 
Diesel 
Fert i lizer 
Seed 
Pest ic ides 
Harvest and handl ing 
Irrigation 
Totals 
Yield , bu/ac 
Energy Cost 
'Based on Pimental et at. (1973). 
Rainfed' 
kcal x 1000/ac % of Total 
5 0.2 
420 15.2 
800 29.0 
1060 38.5 
65 2.4 
25 0.9 
380 13.8 
2755 100 
81 bu/ac 
607 kcallib 
Irri ated2 
kcal x 1000 % of Total 
10 0.1 
420 4.1 
1000 9.8 
1870 18.4 
100 1.0 
40 0.4 
450 4.4 
6300 61 .8 
10190 100 
140 bu /ac 
1300 kcallib 
'Authors estimates for Increased Inputs to get increased yields. Taking data from Figure 3 for the modern surface 
system with a 3oo·foot pumping lift and the other systems with only a 2oo·foot pumping lift the total annual 
energy required is 170 gallons of diesel per acre (or 6300 thousand kcal per acre.) 
Table 2. Total annual energy Inputs to various irrigation systems in equivalent 
gallons of diesel per acre to apply 24 inches of net irrigation. 
Irrigation Inst.allation Labor Pumping Energy3 Total Energy 
System' Energy2 Energy Zero 500ft Zero 500 ft 
Trad it ional Surface ? 20 0 396 20 416 
Modern Surface 31' 1 16 214 48 246 
Hand·move 
Sprinkle 17 58 285 76 303 
Center·Pivot 
Sprinkle 42 51 249 94 292 
Trickle 57 41 217 99 275 
'All of the systems occupy a 160 ac ('h·x 'h·mile) square field with the water supply in one corner. The traditional 
system is surface irrigated and has an assumed efficiency of 40%. 
The modern surface system has precision land leveling, gated pipe with automatic gates and a return flow 
system. The assumed inlet pressure is 17 psi and efficiency of 80%. 
The hand·move sprinkle system utilizes low·pressure sprinklers and has an assumed system inlet pressure 
of 56 psi and efficiency of 70%. 
The center'plvot system Is a standard 'I, ·mile lateral fitted with low·pressure sprinklers and has an assumed 
inlet pressure of 56 psi and efficiency of 80%. 
The trickle system has an assumed inlet pressure of 50 psi and efficiency of 90%. 
'Taken from Batty et at. (1975) and spread out over the expected life of the system and assuming aluminum can be 
recycled. 
'Pumping Energy/Acre = 79.2 x inches applied x total feet of head 
Pumping efficiency x irrigation efficiency 
For this lab Ie the pump efficiency was assumed to be 60 percent . 
'Land grading 11 .2, aluminum pipes 20 = total installation energy. 
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A REVOLUTION IN SURFACE IRRIGATION 
DaliE ,LI g~ 
What's new in surface irrigation? Until 
recently, the answer to that question 
would have been "nothing much." But 
now, research by the staff of the 
Agricultural and Irrigation Engineering 
Department at Utah State University has 
produced a surge flow delivery system 
that may revise attitudes toward surface 
irrigation. 
Surface irrigation is our oldest 
method of putting water on crops. It 
consists of flooding the soil surface 
(border or basin irrigation) or running the 
water in small ditches or furrows . The 
soil surface thus is used both to convey 
and receive the water . 
Surface irrigation has withstood the 
test of time because of its many ad-
vantages . Over the years, minor 
changes have been made to improve 
the efficiency of surface irrigation. 
Syphons, gated pipes, alfalfa valves, 
orchard valves, and other devices now 
help control the flow. Cut-back 
technology and runoff recovery are used 
to reduce losses. These devices and 
techniques along with proper scheduling 
improve efficiency. However, 
automation of surface irrigation is not 
yet a reality and this weakness has led 
many irrigators to shift to trickle or 
sprinkle methods. A change to 
automation generally reduces the farm-
er 's labor but increases his/her capital 
and energy outlays. Today's high energy 
costs (from $20 to $40/acre/year) make 
energy-intensive sprinkler systems 
economically questionable. 
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What is Surge Flow? 
Surge Flow is a technique whereby 
water is delivered to the furrows or 
borders used for surface irrigation on an 
intermittent basis. The on-off cycling of 
the flow for specific time periods 
produces surges during the "on" period. 
It also apparently influences the soil 
intake rate during the "off" period. The 
net result is an increase in the distance 
a given volume of water will travel down 
a furrow (Figure 1). 
Each curve in Figure 1 represents a 
furrow being irrigated. After 100 
minutes, each furrow had received 
1,000 gallons of water. Furrow A 
received its water in a continuous 
stream. Furrows B, C, and D received 
surge flows . 
Although all furrows received the 
same amount of water in a given time, 
rates of application did differ. Furrow A 
received a continuous flow of 10 gpm 
(gallons per minute), furrow B received 
15 gpm flowing two-thirds of the time, 
furrow C received 20 gpm flowing one-
half time, and fu~row D received 30 gpm 
flowing for one-third of the time. 
Under these conditions, the advance 
down each furrow was: 240 feet for 
continuous flow (furrow A), and 350 feet , 
490 feet, and 600 feet, respectively, for 
furrows B, C, and D, which received 
surge flows. 
A second series of tests for furrow 
advance used different cycle times 
(Figure 2). Here, the average flow again 
was 10 gpm, with the line labeled "C" 
illustrating continuous flow and lines 2, 
5, 10, and 20 representing results when 
20 gpm were delivered in the cycle 
times listed. Line 2 represents water 
delivered for one minute and off for one 
minute; line 5 equalled water on 2 1/2 
minutes and off 2 1/2 minutes, and so 
on, with line 20 showing the results 
when the water was on for 10 minutes 
and off for 10 minutes. The cycles 
ranged from 2 to 20 minutes, but the 
cycle ratios (ratio of "off" time to "on" 
time) were all the same and equal to 
one. A cycle ratio of zero would mean 
continuous flow. 
Statistically, the curves shown for 
Surge Flow (Figures 1 and 2) differ 
significantly from those for continuous 
flow, but are not Significantly different 
from each other. Figure 2 shows a 
favorable trend toward the longer cycle 
time, but furrow differences masked the 
statistical tests . 
How It Began 
The Surge Flow concept actually 
emerged from research designed to 
automate surface irrigation. Valves that 
could be automated and used to control 
flow and achieve cut-backs were being 
investigated. Most valves proved dif-
ferent in performance when asked to 
automatically control a partially open 
mode versus a fully open condition . This 
led to cutting back flows by reduc ing the 
time the valve remained open , thus 
achieving cut-back by controlling the 
time rather than the flow rate . Valves 
ABOVE RIGHT: Associate Professor Glenn 
Stringham (center) talks about the fine 
points of the Surge Flow system to 
Doyle Matthews (right). Director of the 
Utah Agricultural Experiment Station and 
Dean of Agriculture. and Elmer Clark 
(left). Associate Director of the Ex-
periment Station. 
BELOW: The Juxtaposed photo shows a 
corn field. with ItS furrows fully irrigated 
by the new USU method 
70 
Figure 1. From Master Thesis by Niel Allen Figure 2. Average Advance Curves From Master Thesis of 
Greg Poole 
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could be easily automated to be opened 
or closed, and by control ling the ratio of 
off-time to on-time any desired cut-back 
could be achieved. Valves could be 
opened for a period of , say, five 
minutes, and closed for five minutes, 
thereby releasing only one-half the 
volume of water passed by a con-
tinuously open valve. The result was a 
Surge Flow, with water being applied in a 
series of intermittent flows rather than 
continuously. 
Advantages 
By increasing the advance distance 
for a given volume of water as much as 
two or three times further down the 
furrow, irrigators can overcome some of 
the inherent imperfections of present 
practices. They will no longer have to 
accept overly deep percolation of water 
at the head end of the furrow in order to 
achieve full irrigation of the root zone 
soil at the lower end. In other words, the 
difference in intake opportunity time 
between the head of the furrow and the 
lower end is reduced , and a more 
uniform distribution of water is realized . 
Excessive runoff at the lower end may 
even by eliminated by changing the ratio 
of the off-on time. Thus, both irrigation 
efficiency and uniformity will be im-
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proved by util izing the surge flow 
method. 
Equally important is the potential for 
automated Surge Flow delivery. The 
surge system now under test at Utah 
State University has this capability. It 
consists of a conveyance and 
distribution system fitted with outlet 
valves that are pneumatically operated. 
The valve openings can be manually 
adjusted for any desired flow rate , but 
they will open or close when air 
pressure is released or applied. The air 
comes from a small compressor , which 
requires an air pressure regulator and 
solenoid valves. The solenoid valves are 
activated by a microprocessor-based 
controller that can open and close the 
valves according to any reasonable 
program. The opening and closing of the 
valves produce the desired Surge Flow. 
(See picture of valves and controller .) 
The system can be fully automatic and 
programmed to accommodate any 
desired irrigation schedule and surge 
flow cycle. The components have been 
field tested and are fully reliable . 
Availability 
Since Surge Flow is a new technique, 
the deSign criteria for different soils, 
slopes, and crops remain to be 
12 24 36 48 
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determined. Likewise, the operational 
field model will have to be taken up by 
equipment manufacturers before it will 
be widely available. Just how soon th is 
new system reaches farmers will 
depend upon completion of research to 
establish design criteria , market con-
ditions to attract the manufacture and 
sale of the components , and ac-
ceptance by irrigators. The high cost of 
energy will certa inly be a factor in 
establ ish ing a market and winn ing 
approval by irrigation farmers . With two-
th irds of the irrigated land in the U.S. 
relying upon surface methods. Surge 
Flow irrigation is a concept with ex-
ceptional promise . 
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Figure 1. Plan view of experimental surge flow equipment. 
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ENERGY SAVINGS IN EFFICIENT IRRIGATION SYSTEm 
mANAGEmENT I RICHARD E. GRIFFIN and R. KERN STUTLER 
ESCALATING ENERGY COSTS are 
causing Utah farmers to become in-
creasingly concerned about the energy 
needed to produce a crop. One energy 
input for many irrigation farmers comes 
from pumping , with costs going as high 
as $34 per acre foot of water pumped. 
In 1977, the Agricultural and Irrigation 
Engineering Department at Utah State 
University began a pump testing 
program. * The results of the first two 
years' tests were detailed in March 
1979 UTAH SCIENCE. The average 
pumping plant efficiency in Utah was 
found to be about 52 percent. That 
meant that Utah farmers could save 
nearly three-quarters of a million dollars 
in electrical energy costs by achieving a 
pumping plant field efficiency of 66 
percent. 
During the 1979 growing season, 
follow-up studies were conducted in Iron 
County and in the Flowell area of Millard 
County to gather more data on pump 
efficiency (costs versus output) and 
amounts of water pumped and the 
production of alfalfa hay (Figure 1) 
indicated that , at the 6-tons-per-acre 
level, one farmer using sprinklers ap-
*The Agr icultural Experiment Station and 
Extension Service have cooperated and 
contributed to this program. 
plied only 36 inches of water while 
another applied 73 inches. In another 
situation , two farmers each applied 40 
inches, but one harvested only 3 tons 
per acre, while the other harvested 6 
1/2 tons per acre. Similar comparisons 
could be made for surface irrigation 
systems. Overall irrigation efficiencies 
averaged 52 percent for sprinklers and 
33 percent for surface methods. 
Management, soil types, fertilizer 
practices, and alfalfa variety and age all 
contribute to such production dif-
ferences. Improved management and 
cultural practices should therefore result 
in substantial energy savings as well as 
increased production. 
The potential dollar savings in energy 
costs that would result from simulat-
neously upgrading pumping plants to an 
acceptable efficiency and improving 
application efficiencies through better 
water management were tabulated 
(Table 1). The data show that more 
savings could be realized in Millard 
County by improving water management 
than by repairing or replacing pumping 
plants. In contrast , the opposite is true 
for Iron County. The counties , however, 
would realize approximately equal 
savings if their farmers combined im-
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FIGURE 1. Each point above represents an actual farmer; those using sprinkler systems 
are deSignated with solid dots; those using surface irrigation are plotted with crosses. 
The new Surge Flow surface system (*) developed by the USU Agricultural and 
Irrigation Engineering Department is included to show its comparative potential toward 
assisting the farmer . The theoret ically ideal zone of maximal yield relative to minimal 
energy/water output has been del ineated by concentric circles. The Surge Flow 
system's placement is based upon actual field trial data. 
provements to both pump and ap-
plication efficiencies. 
Combining pumping plant efficiency 
with irrigation application efficiency can 
produce substantial savings in energy 
costs . The totals of $59,000 and 
$58,500 (Table 1) represent only about 
1/3 of the total irrigation systems in 
these counties. Thus, if all irrigation 
systems were upgraded, the total 
potential energy savings in these 
counties could amount to about 
$352,000. 
Assuming that these two counties are 
representative of the state, a potential 
annual savings of $1 .22 million is 
projected for Utah. This may be an 
overestimation since not all of the 
improvements required to attain it are 
economically justifiable. On the other 
hand, as energy costs continue to in-
crease, these figures may be very 
realistic within two to three years. 
To optimize his irrigation system, a 
farmer needs to know the amount of 
water required to produce a ton of 
alfalfa or a bushel of grain from his 
land. That water must then be pumped 
and applied as efficiently as possible. 
Our 1980 studies should produce data 
that will further help farmers toward 
their goal of maximizing production for 
each unit of energy consumed. 
Table 1. Potential Dollarsavlng In Energy 
Millard County 
Savings from improved pumping plant 
effic iency 
Savings from improved irrigation ap-
plication efficiency 
Total 
Iron County 
Savings from improved pumping plant 
efficiency 
Savings from improved irrigaton ap-
plication effic iency 
$21 ,000 
$39,000 
$59,000 
$39,800 
$18,700 
Total $58,500 
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PROJECTS IN PROGRESS 
The Israelis have it. Californians may 
have it. Utahns have it in an especially 
promising form. 
And what is this it? A chance to 
harness sunshine in ponds and thence 
produce substantial amounts of elec-
trical and thermal energy. The resource 
that gives Utah its outstanding potential 
for such conversion is the Great Salt 
Lake (GSL). 
As explained by Professors J. Clair 
Batty and J. Paul Riley, all the crucial 
factors (fresh water inflows, salt , 
sunshine, and large expanses of 
relatively shallow water) occur in the 
GSL in what looks to be a virtually 
opt imum combination . For example, the 
GSL holds an estimated six billion 
metric tons of minerals (salts) in 
solution . These minerals, which have 
accumulated over time, represent stored 
solar energy. Just as coal, oil , and 
natural gas are stored forms of solar 
energy that track back to photosyn-
thesis , the minerals can be seen as 
stored forms that track back to 
evaporation. (Water once lifted from the 
oceans by the sun 's energy has washed 
the minerals from the earth and 
collected them into a solution, as in the 
GSL.) 
Batty and Riley are proposing to use 
universal principles of heat/water in-
teractions and wind-protected, sunshine-
collecting ponds. The principles center 
around the large amounts of solar 
radiation that routinely penetrate the 
surface of any lake. The water tem-
perature increases until its heat is in 
equil ibrium with the surrounding en-
vironments. As different layers of the 
water reach different temperatures, 
currents are created that tend to bring 
the war.mer, lighter water to the surface, 
where it is cooled by evaporation (high 
in Utah) and by emission of outgoing, 
long-wave radiation to the atmosphere, 
particularly at night. If, however, the 
deeper layers are a salt brine, their 
density may so greatly exceed that of 
the overlying fresher water, that they 
are unable to rise despite substantial 
temperature differences. Deep, dense 
brines as occur in the GSL can reach 
temperatures near the bOiling point of 
fresh water. 
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REAPING 
SOLAR ENERGY 
To produce electricity and usable 
heat, the hot brines are removed from 
artificially created ponds (covering one 
to ten acres each) and passed through 
heat-exchange mechanisms. The heat 
exchangers, in turn, transfer the energy 
as heat to a suitable fluid such as freon , 
ammonia, or propane, which can drive a 
turbine-generator system. The (at that 
point merely warm) brines might sub-
sequently be used for space heating of 
dwellings or for greenhouse agriculture 
before being diverted to mineral ex-
traction units or back to the lake. Any 
evaporation ponds that were created 
could serve as a heat sink for the power 
cycle of the overall system. 
ENERGY EXTRACTION FROM 
SOLAR-HEATED, SALT·GRADIENT PONDS 
return to lake 
GSL 
space 
heating 
Riley and Batty, in cooperation with 
Professor Robert F. Boehm of the 
University of Utah have completed their 
preliminary (laboratory and office) kinds 
of research. They are now ready to 
begin on-the-Iake investigations of 
specific problems. These include: 
a) mechanics of stratification and 
re-stratification, 
b) most effective wave sup-
pression procedures, 
c) efficient heat extraction 
mechanisms, 
d) ways to store solar energy 
without excessive losses, and 
e) optimum locations in or around 
the lake for ponds. 
According to their calculations, Batty 
and Riley believe that an acre pond can 
produce an average year-round power 
output sufficient to supply ten homes. If 
the GSL's over one-million-acre area 
were used, the lake could produce 
15,000 megawatts on a year-round 
basis. Before any major effort to reap 
solar energy through the GSL can be 
launches, however, the scientists 
believe that economic , environmental , 
legal, and social issues will need as 
much attention as do the mechanics of 
the production process . 
So, we may not be getting electricity 
and heat from the GSL tomorrow, nor 
even next year. But , as energy costs 
soar and traditional sources diminish, 
the GSL's potentials as a solar energy 
collector certainly seem to warrant 
serious consideration . 
Working with . the Dead Sea, the 
Israelis have created a sf!1all scale (2-
acre) pilot system that is producing 
electriCity from stratified thermal ponds. 
They are now expanding production and 
expect to provide electriCity at a cost of 
about five cents per kilowatt hour. In 
California, Southern California Edison 
and the state government ar~ financing 
comparable experiments at the Salton 
Sea. 
Sunflower cultivation is becoming an 
ever bigger business in the U.S. In 1979, 
acreage was estimated at over 5.4 
million and crop value as over one-half 
billion dollars. The plants are being 
raised to produce people food and 
animal feed, and the potential exists for 
them to help alleviate diesel fuel 
shortages. Like most plants, however, 
sunflowers can't achieve efficient, 
economical production without excellent 
pollination . 
To try to eliminate the need for 
pollinator insects, plant breeders have 
developed sunflowers that can pollinate 
themselves. But even these so-called 
self-fertile lines of sunflowers produce 
higher yields of seeds (and oil) when 
insects assist them. Additionally, self-
fert ile lines are routinely out-produced 
by those that are dependent upon in-
sects for pollination. 
Which, according to Frank Parker of 
the USDA Bee Biology and Systematics 
Laboratory at USU, brings us to 
quest ions about exploiting native bees. 
In the United States, approximately 400 
species of bees have been collected 
from sunflowers. But some of these 
specialize at using sunflowers while 
others have more cosmopolitan ap-
petites. Parker 's interest centers on the 
native (or wild) bees that use sunflowers 
as their exclusive source of pollen and 
nectar. 
"I think" he said, " that it 's 
reasonable to expect parallels between 
alfalfa seed production and sunflower 
EXPLOITING 
THE NATIVES 
seed production. By using native bees 
(such as the alfalfa leafcutter), alfalfa 
growers can harvest 1,000 to 1,500 
pounds of seed per acre versus about 
200 pounds without the bees. One or 
more species of native, easily managed 
bees may be equally well adapted to the 
job of pollinating sunflowers and be able 
to out-pollinate the currently popular 
honeybees. But so far no one has even 
been looking for alternatives . 
In his 1977 and 1978 research, Parker 
made a start toward answering several 
questions that could be crucial to the 
expanding sunflower industry. Among 
his object ives , he wanted to discover: 
Do sunflower hybrids differ in attraction 
for insects and what kinds of insects 
regularly visit sunflowers? How far 
within a field do insects distribute 
pollen? Does open (to insects) 
pollination lead to greater seed ger-
LOISM. COX 
mination than self-pollination? How do 
diversity and numbers of pollinators vary 
during a day-a season? 
As usual, two years of data collection 
are far from definitive. Parker does say, 
however, that "We believe at least two 
species of wild (native) bees may have a 
potential in many parts of the U.S. to 
become commercially managed sun-
flower pollinators. Another possible 
candidate is the especially large wild 
bee, va tra obliqua. The biology of all 
these bees would need more study, 
though , before they could be exploited 
to their , and the sunflowers ', best ad-
vantage." 
Parker also commented on a couple 
of surprising results that were recorded. 
Individuals among some of the bee 
species carried incredible amounts of 
pollen on their bodies (up to a million 
grains) during a single flight. The tests, 
using dye-treated flower heads, showed 
an extensive transport of pollen within 
and between plots (9 m x 40 m each). 
" We also noted," he added, "that one 
of the best self-fertile sunflower lines 
was remarkably attractive to all bee 
species. Since it had the smallest 
amounts of sugar and nectar, the 
reasons for its being so enticing will be 
a mystery until more detailed research 
can be completed ." 
The growing of sunflowers may soon 
have management as an essential 
ingredient. Based on Parker 's 
preliminary work, the idea certainly 
seems worth intensive investigation. 
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These Chevlet sheep from Scotland are among the many types of sheep affected by this disease. 
Photo by Mike Jackson 
The rubbing, scratching, and scraping by animals 
suffering from scrapie give the disease its name. 
TOUGH PROBLEMS TAKE LONGER 
Scrapie is the ugly but accurate name 
given a disease that remains grimly 
mysterious despite a 300-year history. 
So called because it always makes an 
infected animal scratch, rub, and scrape 
itself, apparently in response to an itch-
ing sensation in the skin, scrapie is 
widely feared. Today, this invariably 
fatal condition of sheep and goats is 
generally thought to be caused by a 
remarkably slow acting virus or virus-
like agent. But if so, the organism is 
peculiarly resistant to techniques that 
normally kill or control viruses. 
A diagnosis of scrapie can therefore 
mean financial ruin for a sheep (or goat) 
owner since the current "treatment" 
requires destruction of the sick animals, 
their sires, dams, siblings, and any 
offspring . The remainder of the flock is 
then quarantined and inspected 
periodically for at least two years to be 
sure none of the other animals have 
been infected. 
Beyond its potential for devastating 
particular flocks, scrapie has blocked 
thoughts of importing and/or exporting 
sheep and goats. No country wants to 
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chance introducing scrapie where it has 
not already appeared. Yet, sheep and 
goat owners in all countries realize that 
the productivity of their herds could be 
improved by such exchanges. The 
puzzle for scientists thus has been to 
find a way for scrapie-free animals to be 
traded, even when their home country is 
plagued by occasional outbreaks of the 
disease. 
Investigators in the USU International 
Sheep and Goat Institute have decided 
that one crucial step toward that goal is 
to determine whether scrapie can be 
transmitted during the fertilization 
process and/or in the uterus. Because 
working with such an insidiously 
dangerous disease requires impeccable 
quarantine facilities and techniques, the 
research is being done cooperatively 
with personnel from the USDA Animal 
and Plant Health Inspection Service 
Laboratories at Mission, Texas and the 
Utah State Department of Agriculture. 
The work will be done in Texas and at 
Dugway Proving Ground in Utah. The 
procedures will include artificial in-
semination and embryo transfer among 
various combinations of scrapie-free and 
scrapie-infected animals. The prolonged 
period of incubation (to as long as five 
years or more) that characterizes 
scrapie dictates that the research 
extend over seven or eight years. 
Intensive preliminary work by Valerie 
Madison, a graduate student, is helping 
to solve the problems of how to: collect 
viable embryos from bred ewes, keep 
those embryos alive for at least 24 to 36 
hours, and utlimately transplant them in 
recipient-host ewes. 
Warren C. Foote, the principal USU 
investigator, believes that, "By proving 
whether the scrapie organism is trans-
mitted in the semen, ova and/or to the 
fetus via the uterus, we hope to open 
the door to international trading of 
breeding stock. For sheep and goat 
producers, access to such exchanges 
would mean opportunities to measurably 
upgrade the productive efficiencies of 
their herds. Our research results might 
also, depending on what we do find out , 
permit a less ruinously destructive 
approach to controlling outbreaks of the 
disease." 
HOW TO FIGURE CROP OOSIS 
Based upon a 1,800 acre dryland farm, 900 acres under cultivation each year, 900 acres in summer fallows 
TABLE 1. PER ACRE COSTS (June 1980) 
Operallng Interest 
DlrecI Depreciation tntereSI 
LabOr Fuel RepaHs Other Taxes Sub Total Eqt Land Total 
A B C 0 E Total 
TYPE OF OPERA nONS 
PlOWing 2.12 1.80 246 148 786 690 1476 
DiSClng 1.06 .90 1.39 .82 .17 388 805 
Harrowing (2 limes) 82 .70 86 54 2.92 244 536 
Rodweeding 48 040 74 44 206 205 411 (The market fluxuatlons are presently 
Fertilizing 925 925 9.25 too capriCIOUS 10 accurately account 
Drilling .66 .58 139 64 3.27 381 708 for these columns) 
Seed 4.50 4.50 4.50 
Trucking 133 87 1.51 371 3.78 749 
Spraying 440 440 440 
Miscellaneous 4045 445 445 
Harvesting 133 150 3046 1.68 797 952 1749 
Total cost per acre 7.80 675 11 .81 2260 560 54.56 3238 8694 
Cost per bushel (1980) .26 .23 .39 75 19 182 107 290 
Cost per bushel (1976) 21 .09 23 70 13 136 65 2.01 
% Increase 24% 155% 69% 7% 46% 34% 65% 44% 
TABLE 2. YIELD AND PRICE COMBINATIONS NEEDED TO RECOVER CERTAIN COSTS 
Direct 
Costs 
Low 
Average 
High 
DepreCiation 
Interest-EqUipment " 
Interest-Land 10% 
Bushels 
Per Acre 
22 
30 
38 
$49.000 
29.140 
31 .800 " 
63.000 ' " 
$173.040 
Total 
19.800 
27.000 
34.200 
Direct (Out of pocket) 
Expenses 
Per Bushel 
Average 
182 
107 
118 
233 
6.40 
49.100 
248 
182 
144 
TABLE 3. SCHEDULE OF EQUIPMENT (1976 Prices) 
DeSCription No 1976 1980 
Plow. 6 bOttom 8" 2 $ 7.200 $ 14 .200 
Disk. 14' 2 6.600 10.600 
Harrows 36' With cart 1.800 3.500 
Rodweeder 30' I 4.800 7.200 
Dn1l1 4' 2 9.600 18.600 
Harvester , hillSide 18' 1 48.000 78.000 
Truck? Ton w/bed 2 19.200 34.000 
Tractor . Crawler (D4E) 2 60.000 100.000 
EqUipment Shed 8.800 18.000 
Granary 4,000 6.400 
Pick-up Truck 4.000 6.500 
Total $174.000 $297.000 
0/0 
284 
167 
184 
365 
Direct Expenses 
Plus 
DepreCiation 
78.240 
395 
289 
229 
DHect Expenses 
Plus 
DepreCiation 
Plus 
Interest - EqUipment 
110.040 
556 
407 
322 
"297.00 at 16% lor 10years = 
Less· prinCiple 
Interest 
Direct Expenses 
Ptus 
Depreciation 
Plus 
Interest· EqUipment 
Plus 
Interest - Land 
61 .500 
29.700 
$31 .800 
173.040 
874 
644 
509 
1000% "" 1.800 acres x $350 ::: $630.000 x 10% ::: $63.000 
C rop production costs are riding an out-of-control escalator. The prices paid for the 
resultant crops are generally also rising , but at 
lesser rates . 
For example, 1976 prices per bushel of wheat 
averaged $3. Current 1980 prices are averaging 
$3.60. That approximately 20 percent increase 
can be compared to the percentage increases 
in costs indicated on the tables. The data in 
these table illustrate how inflation , high in-
terest, and tight money are strangling dryland 
wheat farmers . For example, the costs of fuel 
are approaching those for labor with a 155 
percent increase from 1976 to 1980. The same 
patterns, unfortunately, plague producers of 
many other crops as well. 
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